Despite the increasing use of telemedicine around the world, little has been done to incorporate quality assurance (QA) into these operations. The purpose of the present study was to examine the feasibility of QA in store-and-forward teleconsulting using a previously published framework. During a 2-year study period, we examined the feasibility of using QA tools in two mature telemedicine networks [Médecins Sans Frontières (MSF) and New Zealand Teledermatology (NZT)]. The tools included performance reporting to assess trends, automated follow-up of patients to obtain outcomes data, automated surveying of referrers to obtain user feedback, and retrospective assessment of randomly selected cases to assess quality. In addition, the senior case coordinators in each network were responsible for identifying potential adverse events from email reports received from users. During the study period, there were 149 responses to the patient follow-up questions relating to the 1241 MSF cases (i.e., 12% of cases), and there were 271 responses to the follow-up questions relating to the 639 NZT cases (i.e., 42% of cases). The collection of user feedback reports was combined with the collection of patient follow-up data, thus producing the same response rates. The outcomes data suggested that the telemedicine advice proved useful for the referring doctor in the majority of cases and was likely to benefit the patient. The user feedback was overwhelmingly positive, over 90% of referrers in the two networks finding the advice received to be of educational benefit. The feedback also suggested that the teleconsultation had provided cost savings in about 20% of cases, either to the patient/family, or to the hospital/clinic treating the patient. Various problems were detected by regular monitoring, and certain adverse events were identified from email reports by the users. A single aberrant quality reading was detected by using a process control chart. The present study demonstrates that a QA program is feasible in store-and-forward telemedicine, and shows that it was useful in two different networks, because certain problems were detected (and then solved) that would not have been identified until much later. It seems likely that QA could be used much more widely in telemedicine generally to benefit patient care.
Despite the increasing use of telemedicine around the world, little has been done to incorporate quality assurance (QA) into these operations. The purpose of the present study was to examine the feasibility of QA in store-and-forward teleconsulting using a previously published framework. During a 2-year study period, we examined the feasibility of using QA tools in two mature telemedicine networks [Médecins Sans Frontières (MSF) and New Zealand Teledermatology (NZT)]. The tools included performance reporting to assess trends, automated follow-up of patients to obtain outcomes data, automated surveying of referrers to obtain user feedback, and retrospective assessment of randomly selected cases to assess quality. In addition, the senior case coordinators in each network were responsible for identifying potential adverse events from email reports received from users. During the study period, there were 149 responses to the patient follow-up questions relating to the 1241 MSF cases (i.e., 12% of cases), and there were 271 responses to the follow-up questions relating to the 639 NZT cases (i.e., 42% of cases). The collection of user feedback reports was combined with the collection of patient follow-up data, thus producing the same response rates. The outcomes data suggested that the telemedicine advice proved useful for the referring doctor in the majority of cases and was likely to benefit the patient. The user feedback was overwhelmingly positive, over 90% of referrers in the two networks finding the advice received to be of educational benefit. The feedback also suggested that the teleconsultation had provided cost savings in about 20% of cases, either to the patient/family, or to the hospital/clinic treating the patient. Various problems were detected by regular monitoring, and certain adverse events were identified from email reports by the users. A single aberrant quality reading was detected by using a process control chart. The present study demonstrates that a QA program is feasible in store-and-forward telemedicine, and shows that it was useful in two different networks, because certain problems were detected (and then solved) that would not have been identified until much later. It seems likely that QA could be used much more widely in telemedicine generally to benefit patient care. (8) .
Performance indicator
Measurement possible in the cT system? inTrODUcTiOn Telemedicine can be broadly defined as any healthcare activity carried out at a distance. One common application of telemedicine concerns long-distance clinical consultation, where the doctor being consulted may be located in a different city or country from the patient. This reduces travel time and costs, and improves access to specialist healthcare. The use of telemedicine has grown in recent years as equipment has become more sophisticated, telecommunication networks have become more widespread and reliable, and the need for efficient use of healthcare resources has become more pressing. The assumption underlying the present study is that in any healthcare activity that has become routine procedure (i.e., it is not research), some sort of quality assurance (QA) will be desirable, perhaps mandatory. QA is the systematic process of checking regularly to see whether a product or service continues to meet specified requirements (1) . Such a process will increase both customer confidence and the provider's credibility, and will improve the efficiency of the work being carried out. The important features of a QA program have been summarized as (1) 1. a focus on the organization's mission and the customer's needs 2. a systematic approach to improvement, e.g., using the plando-check-act cycle, which offers a scientific method for continuous process improvement 3. stimulation for the development of human resources 4. facilitation of long-term thinking 5. the commitment of every participant.
Thus, a QA program will enable the people responsible for the service to satisfy themselves that its quality is being maintained. It will also allow them to identify problems at an early stage, with a view to solving them. Quality assurance has been little used in telemedicine, apart from in image-based areas, such as radiology (2) , retinal screening (3), or cytology (4). Liddy et al. added routine collection of user feedback data in a store-and-forward telemedicine network -this might be regarded as informal QA (5) . Some guidance on routine audit of teledermatology services has also been published (6). Although QA is uncommon in telemedicine at present, there is no reason in principle why it cannot be applied more widely. In particular, QA of consultations taking place by telemedicine is an area of interest, whether such consultations occur in real time (e.g., by video) or asynchronously (e.g., by email).
The Collegium Telemedicus system is a general purpose system for managing telemedicine consultations (7) . It is aimed at organizations which deliver services in low-resource settings, although its application is wider than that. Organizations which have successfully established telemedicine networks using the Collegium system may wish to conduct a program of QA; the Collegium system, therefore, includes a number of tools for this purpose. To date, there has been no published evidence relating to their use.
Qa in Telemedicine
We have previously proposed a framework for assessing telemedicine networks which provide teleconsultation services to doctors (8) . The framework includes performance indicators for each of the three user groups (i.e., referrers, experts, and case coordinators). In addition, the framework covers the societal perspective, based on information about clinical-and cost effectiveness and integration with the conventional health care system, see Table 1 .
This framework represents a basic method of performance measurement with which teleconsultation networks can be measured and compared with one and other. However, QA requires long-term monitoring, rather than intermittent snapshots. Thus, a QA program depends on being able to measure appropriate performance indices but also requires methods for interpreting the resulting time-series data. In the Collegium system, the tools for QA include 1. performance reporting (on demand and automated) to assess trends 2. automated follow-up of patients to obtain outcomes data 3. automated surveying of referrers to obtain user feedback 4. retrospective assessment of randomly selected cases to assess quality.
These tools allow the majority of the indicators in the framework to be monitored, either directly or indirectly, see Table 1 . The interpretation itself can be done in two ways. Graphs of performance statistics are useful for detecting long-term trends, but a more powerful method of obtaining early warning of adverse changes is by use of control charts that allow the sources of variation to be identified (9) . In particular, common-cause variation (the usual, random variation which occurs in any process) can be 
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aim
The aim of the present study was to investigate the feasibility of using these tools in two mature telemedicine networks, and to review the results obtained. The hypothesis was that appropriate QA tools can be usefully applied to telemedicine networks, producing results that will assist clinical care and effective management.
MaTerials anD MeThODs study Design
The feasibility of QA was examined in two Collegium networks over a period of 2 years, from August 2013 to July 2015 inclusive. The experience was reviewed by two telemedicine researchers at the end of the study period. Ethics permission was not required, because patient consent to access the data had been obtained and the work was a retrospective chart review conducted by the staff of the organizations concerned in accordance with their research policies (10) .
networks
The Médecins Sans Frontières (MSF) network provides teleconsultations across a wide range of medical, surgical, and allied health disciplines, for health care workers in low-resource settings (11) . During the study period, 122 referrers consulted 200 specialists about a total of 1241 cases. The New Zealand Teledermatology (NZT) network provides teledermatology consultations for general practitioners in certain health regions of New Zealand (12). During the study period, 57 referrers consulted four dermatologists about a total of 639 cases. The two networks, therefore, differed in size, workload, client base, and setting, thus providing contrasting conditions for the study.
Qa Program
The QA program implemented in the two networks was based on regular monitoring of 1. performance indicators, which were made available to case coordinators on demand via the system's web interface. The indicators included the case referral rate (all cases, and in selected specialties), the time to allocation to a specialist, and the time to first response. Each month, summary reports of selected performance indicators were also sent automatically to the case coordinators by email 2. outcomes data. Information on patient outcomes was solicited from all referrers automatically. The system requested completion of a short progress report containing questions about the patient (13). 3. user feedback. Information about the management of the case, any benefits from the consultation, and the referrer's opinion of the service generally was solicited from all referrers automatically. The system requested completion of a short progress report containing user-feedback questions (13). 4. overall teleconsultation quality, which was assessed each month by a QA review panel. We have previously described the measurement of teleconsultation quality, i.e., the "output" from the network (14). A panel of appropriately qualified observers responds to a questionnaire relating to a randomly chosen past case. The review panels were open to all network coordinators. The answers to the questionnaire allow two different dimensions of quality to be assessed: the quality of the process itself and the outcome, defined as the value of the response to three of the four parties concerned, i.e., the patient, the referring doctor and the organization. It is not practicable to estimate the value to society by this technique.
In addition, the senior case-coordinators in each network were responsible for identifying potential adverse events from email reports received from users.
There were four case coordinators on the NZT network and 19 coordinators on the MSF network. Not all coordinators were active for the whole study period. All coordinators participated in some monitoring activities (e.g., receiving email reports and notifications of completed user feedback surveys) and one senior coordinator in each network participated in all monitoring activities and in adverse incident detection. resUlTs regular Monitoring 1. Performance indicators. Monthly summary reports were sent to the coordinators, see Figure 1 . In addition, plots were produced on demand, see Figure 2 . These allowed the detection of trends in important network performance indices. For example, there was a trend to reduced allocation delay in the MSF network during the study (Figure 3) . Although gratifying, the trend was not significant (P = 0.22). 2. Outcomes data. During the study period, there were 149 responses to the follow-up questions relating to the 1241 MSF cases (i.e., 12% of cases). During the study period, there were 271 responses to the follow-up questions relating to the 639 NZT cases (i.e., 42% of cases). The responses are summarized in Appendix 1. Referrers provided useful follow-up information on the cases, such as "Patient had a suspicious finding in the chest X ray which was inconsistent with the clinical course. But this was well clarified by the radiology expert. " (MSF) and "Mother says treatment cream is magic and is very happy" (NZT). 3. User feedback. The collection of user feedback reports was combined with the collection of patient follow-up data, thus producing the same response rates. The responses are summarized in Appendix 2. Referrers made very positive comments about the telemedicine service, such as "It is great to be able to have expert advice in a very short time. It helps a lot to evaluate better and to make the right decisions for unknown diseases/ symptoms" (MSF) and "I think it is an excellent service. It helps to educate us GPs, if we can get advice on what a lesion is, then next time we see it we'll know how to manage it better and therefore make fewer referrals to dermatologists" (NZT). 4. Overall teleconsultation quality. Monthly case reviews were carried out in both networks. One network used a single observer, and the second used a panel of observers. In the MSF network, a total of 123 assessments were carried out by the review panel and there were 222 non-responses (see Table 2 ). The process control chart for the Grand Quality Score indicated that there was a problem near the end of the study period, where special-cause variation was detected (MSF case 1751 fell outside the control limits), see Figure 4 . This was investigated and remedial action was taken, see Table 3 .
Problems Detected
During the 2-year study period, a number of problems were detected by regular monitoring. Some examples from the two networks are provided in Table 3 . In addition, various adverse events were identified in each network. For example, in the MSF network, there were several telemedicine cases for which appropriate specialists were not available, and new specialists had to be recruited at short notice. In the NZT network, there were instances of duplicate case numbering (data subsequently amalgamated), misunderstandings about image uploading (help documentation updated), difficulties in using the system with a mobile device (mobile interface developed), missing images (systems error corrected by IT staff), large files not uploading (file transfer problem corrected), and difficulty in finding a specific case (free-text keyword search function added).
DiscUssiOn
In the present study, the feasibility of conducting a comprehensive QA program was examined in two relatively stable and 
Outcomes Data
The limited outcomes data available for MSF cases suggested that the telemedicine advice proved useful for the referring doctor in the majority of cases and was likely to benefit the patient (Appendix 1). The percentage of requests for follow-up information that were fulfilled in the two networks was much lower in the MSF network, presumably because of the high turnover of field staff, and patients being discharged and, therefore, lost to follow up. Conversely, most referrers in the NZT network were stable general practitioners, who closely followed up their patients. There may also have been a response bias whereby referrers with positive experiences tended to respond to requests for follow-up information, whereas those with negative experiences did not.
User Feedback
The user feedback was overwhelmingly positive (Appendix 2). It also suggested that the teleconsultation had provided cost savings in about 20% of cases, either to the patient or family, or to the hospital/clinic treating the patient. The comments provided by the referrers suggested that the cost savings to the patient or family were mainly due to avoided journeys, i.e., that telemedicine removed the need for a trip to hospital for a specialist appointment; this was the case in both networks. The comments provided by the referrers suggested that the cost savings to the hospital or clinic were also mainly due to avoiding unnecessary referrals.
comparison Between the Two networks
Three important questions concerning patient follow-up and five important questions concerning user feedback were compared between the two networks. In all eight questions, the proportion of responders answering "yes" was higher in the NZT network than in the MSF network, Table 4 . However, the differences were not significant in three of the questions. The largest differences were in the question about whether the eventual outcome would be beneficial for the patient (75% of NZT responders vs. 51% of MSF responders) and whether the referrer was able to follow the advice provided (94% of NZT referrers vs. 70% of MSF referrers). This probably reflects the different settings of the two networks. For example, the NZT network deals with a single specialty (dermatology), whereas the MSF network deals with a very wide range of medical, surgical, nursing, and allied health matters. In addition, MSF referrers operate in resourceconstrained settings, which often limit their diagnostic and therapeutic options.
control charts
Over a 2-year study period, one aberrant quality reading was detected. Further investigation found that in providing a response to the referrer, various problems had occurred that reduced the quality of the resulting consultation (see Table 3 ).
Points arising
There could be better integration of the outcomes data with the performance indices. Further software development is required in order to allow ready visualization of outcomes data. mature telemedicine networks. Thus, the nature of the study was operational research, rather than clinical research, and the methodology employed was able to take advantage of existing systems. We are not aware of previous similar work. Quality Assurance in Telemedicine Networks
Frontiers in Public Health | www.frontiersin.org
strengths and Weaknesses
The present study was conducted in two operational telemedicine networks, and was therefore, based on real, not simulated data -this represents a strength. The results represent a validation of the service being delivered, demonstrating its value to the patients, users, and organizations involved. Audit and quality improvement of this kind are aligned with contemporary thinking about the importance of overseeing service function and safety. These are all strengths. However, the judgment about the value of the QA activities as a whole was subjective. That is, it was not feasible to conduct a study in which a telemedicine network using QA was compared with a control telemedicine network that did not use QA. In conducting the QA program, several problems came to light, and were dealt with, which might otherwise have gone unnoticed. But it is hard to prove this. What we can say is that the MSF network had operated for 4 years before the QA program was introduced, and in this period, there was obviously no formal monitoring of performance data. Thus, the QA process enforced a discipline of monitoring, leading to the early detection of problems.
Future Work
The present study shows that QA is feasible in the two networks studied, and also suggests that it is useful. The next stage must be the organizational adoption of a comprehensive QA program for telemedicine by the organizations concerned. Such a program would include procedures to review reports, monitor cases/users and check data, as described in the present paper. In addition, a comprehensive QA program would investigate protocol compliance, to identify protocol violations. For example, anecdotal reports from several of the Collegium networks suggests that problems are often caused unintentionally by users who upload files in proprietary formats (despite automatically generated warnings in the software, and the provision of user documentation explaining that the intended recipient of a file in a non-open source format may be unable to read it). There have User feedback report New referrals in the MSF network are normally sent to a single specialist only. If that specialist has not replied within 24 h, the query will then be sent to a second specialist. It was unfortunate that in the three cases concerned, the first specialist did not respond promptly, so the query was sent to a second specialist. Both specialists then replied. In reviewing the responses, there did not appear to be substantial disagreement in the advice offered to the referring doctor, although there was some potential for confusion
The complaint was followed up carefully. The referrer was reminded that as the treating doctor, management of the patient remains his responsibility, and it is entirely up to him how to interpret the advice received MSF Case 1751 fell outside the control limits (see Figure 4 ) Monthly quality review Investigation revealed that two coordinators had simultaneously allocated the case initially (luckily to the same team). Although there was an initial response from the pediatricians, it then took over a week to obtain an opinion from an infectious diseases specialist. There was very limited engagement with the referrer, which prevented the teleconsultation reaching a conclusion. also been problems caused by referrers who submit the same case more than once. Finally, a comprehensive QA program would include the measurement of service availability, e.g., web site performance.
cOnclUsiOn
The present study demonstrates that a QA program is feasible in store-and-forward telemedicine. Experience over the first 2 years in two different networks indicates that QA is also useful, because certain problems were detected (and then solved) that would not have been identified until much later. The QA tools available via the Collegium system worked well and provided the foundation for a comprehensive QA program. QA elements examined in the two different networks produced similar findings. Thus, the hypothesis that QA can be applied effectively in a teleconsulting network was supported. It seems likely that QA could be used much more widely in telemedicine generally.
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